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SPECIFICATION 

1 . Title 

Method of producing high rigidity black alumina sintered 
material 

2 . Claims 

1 . A method of producing high rigidity black alumina 
sintered material characterized by its black color by 
sintering a mixed powder containing 0.2 to 10 wt % of either 
one or more kinds of material from the group of Tic, TiC-TiN 
solid solution, NbC, ZrC, HfC, and TaC with a balance 
essentially consisting of alumina and sintering assistants 
under a non-pressurized inactive environment at temperatures 
of 1400-1900°C. 

2 . The method of producing high rigidity black alumina 
sintered material of claim 1 characterized in that 0.1 to 
5 wt % of either one or more kinds of material from the group 
of Y 2 0 3 , Ti0 2 , CaO, MgO, Cr 2 0 3/ Si0 2 , and Zr0 2 are added as said 
sintering assistants. 

3. Detailed description of the invention 
Field of the invention 

The present invention relates to a method of producing 
black alumina sintered material of high rigidity. The black 
alumina sintered material of high rigidity can be widely 
applicable as a precision sliding member for air sliders and 
various X-Y tables because of its high rigidity, low specific 
weight and color. 

It also can be widely applicable as a component for optical 
devices such as laser devices and ultraviolet exposure devices 
as those devices demand high rigidity and low specific weight 
from the standpoint of precision and black color from the 
standpoint of reflection from their components. 
Prior art 
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Although the techniques of adding Cr and Co have been 
know to add color to alumina sintered materials, they only 
produce brown and blue colors, but not black. 

As for black colored ceramics, various sintered 
materials added with pigments for chinaware are listed on 
"Ceramics" 18 (1983) No. 5. According to this publication, 
Co-Cr-Fe, Co-Mn-Fe, Co-Mn-Cr-Fe, Co-Ni-Cr-Fe, 

Co-Ni-Mn-Cr-Fe are available as black pigments, while Sn-Sb 
group and Zr-Si-Co-Ni group are available as gray pigments. 
These kinds of chinaware have very low rigidities so that 
they don't have any advantages against metallic materials. 

Moreover, these pigments are expensive and unstable, 
and can cause bubbling or no coloring at all when sintered 
at high temperatures. 

Therefore, they are good for baking at temperatures 
normally used for chinaware but cannot be used for sintering 
of alumina where temperatures over 1400°C are often used. 

Thus, some sintered materials are added with large 
amounts, e.g., 10 wt% or more, of glass components in order 
to bake alumina at low temperatures, but the rigidities of 
those alumina sintered materials typically are typically as 
low as 2.0 to 3.0 x io 4 kgf/mm 2 . 

Moreover, silicon carbide and "Black Ceramics" 
(alumina-Tic group) are known as black colored ceramics . As 
25 to Black Ceramics , Unexamined Patent Application Publication 
S51-6109 disclosed an alumina-TiC-TiN sintered material to 
be produced by HP (hot press) process, and Unexamined Patent 
Application Publication S51-6210 disclosed an alumina-Tic 
(15-60 wt%) - Y 2 0 3 (0.039-1.575 wt%) sintered material to be 
30 produced by the HIP (hot isostatic press) process. 

Black Ceramics include silicon nitride and sialon. 
Problems to be solved by the invention 



20 



- 3 - 



As can be seen from the above, it is difficult to add 
black color alumina; even if it can be colored into a 
quasi-black color (e.g. , gray) , the rigidity becomes too low 
with Young's modulus ranging in the vicinity of 3 x io 4 kgf /mm2 
5 or less. 

The costs of the aforementioned black color ceramics, 
i.e., silicon carbide and silicon nitride/sialon, are as 
expensive as over 10 times of the cost of alumina. 

The problem of the Black Ceramics is that they require 
10 pressurized sintering processes such as HP and HIP, so that 
the sintering cost is too expensive. 
Means of solving the problems 

The above problems can be solved by sintering a mixed 
powder containing 0.2 to 10 wt % of either one or more kinds 
15 of material from the group of Tie, TiC-TiN solid solution, 
NbC, ZrC, HfC, and TaC with a balance essentially consisting 
of alumina and sintering assistants under a non-pressurized 
inactive environment at temperatures of 1400-1900 °C. 

This also makes it possible to obtain high rigidity black 
20 alumina sintered materials at low costs. 

I f more than 1 0 wt % of either one or more kinds of material 
from the group of Tic, TiC-TiN solid solution, NbC, ZrC, HfC, 
and TaC are added, the sintering of alumina will be hindered, 
and sintered materials of sufficient density cannot be 
25 achieved, thus lowering the rigidity, with the normal pressure 
sintering. If less than wt2% of such additives are added, 
an insufficient black coloring and poor mechanical properties 
result . 

The loadings of 0.5-5 wt% are most preferable to achieve 
30 sufficiently black, dense, and high rigidity alumina sintered 
materials. 

The grain size of the powder to be used as the raw material 
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should preferably be 5 jim or less in the average diameter 
from the standpoint of sintering. If the grain size is larger 
than that, it will result in a sintered material of poor density, 
thus affecting the rigidity. 

It is preferable to add 0.1 to 5 wt% of either one or 
more kinds of material from the group of Y 2 0 3 , Ti0 2 , CaO, MgO, 
Cr 2 0 3/ Si0 2/ and Zr0 2 as sintering assistants. If the amount 
of sintering assistants is less than 0.1 wt%, it will result 
in a sintered material of insufficient density, while, if 
it is more than 5 wt% , Young ' s modulus of the sintered material 
will be too low. 

A small amount of Y 2 0 3 gives a sufficient effect, so that 
the loading should preferably be 0.1-1 wt%. The loading for 
Ti0 2 should preferably be 0.5-5 wt%; the loading more than 
5 wt% is not recommendable, as it may cause abnormal grain 
growth . 

Although CaO and Si0 2 work effectively as the sintering 
assistant agents at the loading level of 0 . 5-3 wt% , the loading 
level any higher than that is undesirable as it will generate 
too much glass contents and degrade rigidity. 

As MgO, Cr 2 0 3 and Zr0 2 work effectively as alumina grain 
growth suppressants, and Tie, TiC-TiN solid solution, NbC, 
ZrC , Hf C , and TaC work also effectively as alumina grain growth 
suppressants, it is preferable that they are used in 
combination with the oxide grain growth suppressants. 

The preferable levels of loading are 0.05-1 wt% for MgO, 
0.3-5 wt% for Cr 2 0 3 , and 1-5 wt% for Zr0 2 . 

If a sufficient amount of the above-mentioned sintering 
assistant agents is used and the level of loadings of Tic, 
TiC-TiN solid solution, NbC , ZrC , HfC, and TaC is low, dense 
sintering can be achieved at low temperatures; however, if 
sintered at temperatures lower than 1400 °C, insufficient 



densities result . If sintering is done at temperatures higher 
than 1900°C / on the other hand, alumina itself may develop 
a reduction process . 

The sintering is performed in an environment of an 
inactive gas, such as He and Ar, without pressurization. It 
is not preferable to perform the sintering in an environment 
of an active gas such as nitrogen and hydrogen as reactions 
occur. 

The sintered materials thus produced have black colors 
and provide high Young's moduli. In general, their Young's 
moduli range in 3.8-4.2 x io 4 kgf/mm 2 . The Young's moduli tend 
to be as high as 3.5-3.8 x io 4 kgf/mm 2 if the loadings of the 
sintering assistants, in particular, Ti0 2 and Si0 2 , are 3-5 
wt% . 

Some embodiments of the present invention will be 
described below more specifically. 
Embodiment 1 

A mixed power consisting of 96.5 wt% of aluminum powder 
of a purity of 99.9% and an average powder diameter of 0.5 
ixm f 0.5 wt% of Tic powder of an average powder diameter of 
1 \im, 0.5 wt% of Y 2 0 3 , and 2 wt% of Ti0 2 was added with 3 wt% 
of resin binder and was mixed in an alumina pot mill using 
water as the solvent for 24 hours. 

The slurry was then dried into pellets and formed under 
a hydrostatic pressure of 2000 kg/cm 2 . The formed material 
is then sintered in an environment of Ar gas at a temperature 
of 1400 °C for two hours. The bulk density of thus obtained 
sintered material was 98.7% of the theoretical density, 
Young's modulus was 4.0 x io 4 kgf/mm 2 , the bending strength 
is 45 kgf/mm 2 , and the color was pitch black. 
Embodiment 2 

A mixed power consisting of 90 wt% of aluminum powder 



of a purity of 99% and an average powder diameter of 1.8 \xm, 
7 wt% of NbC powder of an average powder diameter of 1 fim, 
0.2 wt% of Y 2 0 3/ 0.8 wt% of Ti0 2/ and 2 wt% of Zr0 2 was added 
with 3 wt% of resin binder and was mixed in an alumina pot 
mill using water as the solvent for 24 hours. 

The slurry was then dried into pellets and formed under 
a hydrostatic pressure of 2000 kg/cm 2 . The formed material 
is then sintered in an environment of He gas at a temperature 
of 1700°C for two hours. The bulk density of thus obtained 
sintered material was 9 7.6% of the theoretical density, 
Young's modulus was 4.1 x io 4 kgf/mm 2 , the bending strength 
is 46 kgf/mm 2 , and the color was pitch black. 
Embodiment 3 

A mixed power consisting of 95 wt% of aluminum powder 
of a purity of 99.9% and an average powder diameter of 0 . 8 
fim, 3 wt% of TiC-TiN solid solution (50:50) powder of an average 
powder diameter of 1 |^m, 0.1 wt% of Y 2 0 3 , and 2 wt% of Cr 2 0 3 
was added with 3 wt% of resin binder and was mixed in an alumina 
pot mill using water as the solvent for 24 hours. 

The slurry was then dried into pellets and formed under 
a hydrostatic pressure of 2000 kg/cm 2 . The formed material 
is then sintered in an environment of Ar gas at a temperature 
of 1500 °C for two hours. The bulk density of thus obtained 
sintered material was 98.1% of the theoretical density, 
Young's modulus was 3.9 x io 4 kgf/mm 2 , the bending strength 
is 48 kgf/mm 2 , and the color was pitch black. 
Embodiment 4 

Aluminum powder of a purity of 99 . 9% and an average powder 
diameter of 0.5 (tun was added with a raw material shown in 
Table 1 and 3 wt% of resin binder and was mixed in an alumina 
pot mill using water as the solvent for 24 hours. 

The slurry was then dried into pellets and formed under 



a hydrostatic pressure of 2000 kg/cm 2 . The formed material 
is then sintered in an environment of Ar gas at various 
specified temperatures for two hours. The bulk densities, 
Young's moduli, and color were as shown in Table 1. 

5 Comparative example 

Aluminum powder of a purity of 99 . 9% and an average powder 
diameter of 0.5 fxm was added with a raw material shown in 
Table 2 and 3 wt% of resin binder and was mixed in an alumina 
pot mill using water as the solvent for 24 hours. 

0 The slurry was then dried into pellets and formed under 

a hydrostatic pressure of 2000 kg/cm 2 . The formed material 
is then sintered in an environment of Ar gas at various 
specified temperatures for two hours. The bulk densities, 
Young's moduli, and color were as shown in Table 2. 
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Table 1 



c 


omposition 
sight parts ) 


Baking 
temperature 
(°C) 


Theoretical 
density ratio 
(%TD) 


Young ' s 
modulus 
(x 10 4 
kgf /mm 2 ) 


Color 


TiC 10 


Y 2 0 3 0.5 


Cr 2 0 3 1 


1800 


97.1 


3.8 


Black 


ZrC 0.5 


Y 2 0 3 0.1 


MgO 0.2 
Zr0 2 3.0 


1700 


98.8 


3.9 


Black- gray 


HfC 5 


Y 2 0 3 0.2 
Ti0 2 2.0 


Zr0 2 1.0 


1550 


98.2 


4.0 


Black 


TiC-TiN 0.2 


Y 2 0 3 0.3 
Si0 2 2.0 


MgO 0.5 


1450 


99.0 


4.2 


Gray 


TiC-TiN 2 


Y 2 0 3 0.1 
Si0 2 4.0 


MgO 0.1 
Cr 2 0 3 0.8 


1550 


99.1 


3.6 


Black 


TaC 8 


Ti0 2 1.0 
CaO 2.0 


Zr0 2 3.0 


1600 


97.8 


4.0 


Black 


TiC 5 


Y 2 0 3 0 .5 
Ti0 2 1.0 


Cr 2 0 3 2 . 0 
Zr0 2 1.5 


1500 


98.9 


4.1 


Black 



* The remainder of the components is alumina 



- 8 - 



Table 2 (Comparative case) 



c 


omposition 
sight parts ) 




Baking 
temperature 
<°C) 


Theoretical 
density ratio 
(%TD) 


Young ' s 
modulus 
(x 10 4 
kgf /mm 2 ) 


Color 


TiC 30 


0 


0 


1800 


92.1 


3.2 


Black 


Tic 5 


Si0 2 10 
Ti0 2 5 


MgO 1 . 0 


i ft no 

X O U \J 


97.8 


2 . 7 


Black 


0 


Y 2 0 3 0.1 
Si0 2 2.0 


MgO 0.5 


1550 


99.1 


3.6 


White 


Co-Mn-Fe 
pigments 5 


Si0 2 4.0 


MgO 0 . 5 


1500 


98.0 


3.5 


Faint brown 
(foaming) 


TiCN 0.08 


Y 2 0 3 0.5 
TiQ 2 1.0 


MgO 0.2 


1600 


98.8 


3.9 


White-gray 



* The remainder of the components is alumina 



Effect of the invention 

The invention provides a method of producing black 
colored alumina sintered material with high rigidity without 
recourse to high pressure sintering process using the Hot 
Press method and the HIP method, which is widely applicable 
to the productions of high rigidity materials for precision 
machinery and components of optical devices using laser, 
ultraviolet rays, etc. 

Agent: Patent Attorney Masao INOUE 
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